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STEEL SURFACE 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards 
Institution on 25 July 1984', after the draft finahzed by the Methods 
of Physical Tests Sectional Committee had been approved by the 
Structural and Metals Division Council. 

0,2 The friction and wear behaviour of metallic materials and materials 
like nylon and resin bonded fabrieSj etc, during relative motion in 
contact with steel surfaces, such as in bearing application is important in 
selection and development of such materials. Various applications 
include wear resistant steels for machine slides, non-ferrous materials in 
journal bearing, balls and rollers in antifriction bearings and nylon slipers 
and fabric bearings in rolling mills. In the above applications the wear 
between the mating parts can be under conditions of pure sliding, pure 
rolling and combined sliding and rolling under constant or repeated 
loads and with or without lubrication including presence of corrosive 
liquids too. Need have therefore arisen to evolve some standard method 
to evaluate the wear and friction properties of the above materials under 
various simulate conditions to know their behaviour in actual operating 
conditions. 

0,3 In reporting the result of a test or analysis made in accordance with 
this standard) if the final value, observed or calculated, is to be rounded 
offj it shall be done in accordance with IS : 2-1960*. 



1. SCOPE 

!•! This standard covers various methods to evaluate the friction and 
wear properties of metallic and other materials, such as nylon, and resin 
bonded fabric against steel surfaces under the following conditions 



♦Rules for rounding off numerical values ( revised ), 

3 



IS : 11083 - 1984 

with or without lubricant and under constant or repeated loads: 

a) Pure sliding, 

b) Pure rolling, and 

c) Combined sliding and rolling. 

2. EQJUIPMENT 

2.1 The equipment ( see Fig. 1 ) essentially consists of two shafts upper 
and lower, the lower shaft being rotated by a motor gear box system. 
Provision exists to rotate ( either direction ) the upper shaft also whenever 
required. The specimen is attached in the upper shaft which will come 
in contact with a standard disc attached to the lower rotating shaft under 
known loads provided by a spring system attached to the carrier of 
upper shaft. The specimen is generally lubricated by a chain lubrication 
system and there exists provision for the supply of water or corrosive 
lubricant also. Repeated loading can be obtained by putting a cam 
follower into action which will disengage the upper specimen periodically. 
The machine is equipped with provision for indication of friction torque 
and recording of number of revolutions and amount of friction power 
absorbed during the test. The load capacity of the spring loading device 
is to 1 500 N. The lower shaft can be set to rotate either at 200 or 400 
rev/min. The difference of speeds of the two shafts is around 
10 percent. 

3. TEST SPECIMEN 

3.1 The dimensions of the standard disc, rectangular test and circular 
test specimens shall be as given in Fig. 2. The disc shall be made of 
steel the composition and surface hardness of which depend on specific 
application. In most common applications a ball bearing steel with 
surface hardness around 450 HB is preferred. 

3.2 The test specimen is of disc type for tests under rolling friction and 
of disc or rectangular shape with curved mating surface for tests under 
sliding friction. The mating surface of test specimen shall be reasonably 
smooth. The surface roughness of the standard disc shall be within 
1 jL4m. The arrangements of test and standard specimens and their 
shape and size are given in Fig. 3. The diameters of standard disc and 
test specimen are adjusted to obtain conditions of pure rolling. With 
equal diameters of test and standard specimen a combined rolling and 
sliding conditions can be achieved because of rotational speed difference 
( generally 10 percent ) of the two speeds. 

4. TEST METHOD 

4,1 In general, the test shall be carried out at ambient temperature 
within limits of 10 to 35^C. 
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2 A Standard Disc Mati. Ball Bearing 
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2 B Rectangular Test Specimen Mat!. Test Material 
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2 C Circular Test Specimen 

Note — ri = radius of circular test specimen. 

All dimensions in millimetres. 

Fig. 2 Dimensions of Standard Disc and Test Specimens 
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SPECIMEN 




STANDARD DISC 
3 A Pure Roiling Condition d2 ^ I'l 4 



cPcriMCM SPECIMEN (FIXED) 

SPECIMEN SPECIMEN 



(FIXED) 




SINGLE SLIDING SINGLE SLIDING DOUBLE SLIDING 

WITH RECTANGULAR W(TH CIRCULAR ^^^O^t bLiU!Nt> 

SPECIMEN SPECIMEN °2"°^ 
d2=1.1di 

3 B Pure Sliding 
SPECIMEN 






STANDARD OtSC 
3 C Combined Rolling Sliding 4 ^ dx 

Fig. 3 Test Arrangement 
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4.2 The test specimen is fitted on the upper shaft and pressed against the 
standard disc with the help of the spring loading device. The specimen 
is cleaned, dried and weighed. Initial readings of revolution counter 
and energy meter are taken. The machine is run continuously for six 
hours and the specimen is taken out, cleaned, dried and weighed. Final 
readings of revolution counter and energy meter are noted. Average 
torque reading during the test is also noted. Wear loss and co-efficient 
of friction is evaluated after each run of six hours and a total number of 
nninimum 8 runs will be required to obtain a steady state wear condition. 

4.3 While reporting the results, mention should be made whether testing 
was conducted with or without lubricant. In case where lubricant is 
used the characteristics of the lubricant shall be mentioned. 

4.4 Evaluation of Test Results 

4.4.1 The symbols used in this standard are as follows: 

P == load applied on the specimen, ' N '; 

p ^ pressure between test specimen and standard disc, N/mm^; 

T = average friction at torque during the test. Joules; 
Wi = initial mass of the specimen, g; 
W2 = final mass of the specimen, g; 

n = rotating speed, rev/min; 

fx = co-efficient of friction; 

R — wear factor; 

X — loss in vertical thickness or diameter of the specimen, mm; 

Q, == total friction energy absorbed during the test. Joules; 

V ^ peripheral velocity of the rotating standard disc, mlmin; 

t — time of each run, hours; 

r = radius of the rotating disc, m; and 

a = thickness of the specimen, mm. 

4.4.2 Determination of Wear — ■ The wear of the specimen can be 
expressed either in terms of loss in mass or loss in vertical thickness or 

diameter of the specimen defined by wear factor: 

a) Wear loss: w ^ W^— W^ 

X 

b) Wear factor: i? = — 

pvt 

4.4.3 Determination of Co-efficient of Friction — The co-efficient of friction 
can be evaluated both from torque as well as energy absorbed. The 
larger of the two values should be taken. 
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4.5 Example — A rectangular specimen of standard size and shape of 
the test material is tested under a specified load ( P ^ 1 000 N ) for one 
complete run of 6 h and the observations to be taken before and after the 
test and the evaluation of test results shall be as given in 4.5.1, 4.5.2 
and 4.5.3. 

4.5.1 Observations Before the Test: 

r ~ radius of the standard disc ^ 0*019 m 
n = rotating speed = 400 rev/min 

V ^' peripheral velocity of the rotating standard disc = 2n rn 
= 2 X 0*019 X 400 = 4775 m/min 

Wj^ == initial mass of the specimen = 25*552 g 
b^ = initial width of the specimen ( see Fig. 2 A ) ^ 26*0 mm 
a ~ thickness of the specimen 10*0 mm 

Xi = initial vertical thickness ( see Fig. 2 A ) = 7*1 mm 

4.5.2 Observations After the Test: 

W2 = final mass of the specimen = 25*345 g 
^2 =» final width of the specimen ( see Fig, 2 A ) = 25*0 mm 
P ^ load applied on the specimen — 1 000 N 
T = average frictional torque during the test — 8 J 

X2 = final vertical thickness ( see Fig, 2 A ) === 7*0 mm 
Q, =^ total frictional energy observed during the test = 20 056 J 

4.5.3 Calculations: 

P 1 000 



1 = Zi - Z2 = 7-1 - 70 = 0-1 mm 

a) Wear loss w = Wi — W^ 

= 25-552 - 25-345 
= 0-207 g 
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0-1 

pvt "~ " '" 



X 0-1 

b) Wear factor R-"^- 3^2TT^""47-75~^"6 



„^^ ,^ -s mm^ X min 

=- 89-005 X 10"6 



N X m X h 
c) Co-efficient of friction 
T 8 



"^ Ar' "" 1 000 X 0-019 

=- 0-42 

or 

Q^ _ 20 056 

"" 2nnPr ~ 2 X tc X 400 x 1 OOO X 0-019 

- 0-42 
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INTERNATICQNAL SYSTEM OF UNITS ( SI UNITS ) 
Base Unita 



Quantity 


Unit 


Symbol 




Length 


metre 


m 




Mass 


kilogram 


kg 




Time 


second 


s 




Electric current 


ampere 


A 




Thermodynamic 


kelvin 


K 




temperature 








Luminous intensity 


candela 


cd 




Amount of substance 


mole 


mol 




Supplementary Units 








Quantity 


Unit 


Symbol 




Plane angle 


radian 


rad 




Solid angle 


steradian 


sr 












Quantity 


Unit 


Symbol 


Definition 


Force 


newton 


N 


1 N - 1 kg.m/s« 


Energy 


joule 


J 


1 J = 1 N.m 


Power 


watt 


W 


1 W - 1 J/s 


Flux 


weber 


Wb 


1 Wb = 1 V.s 


Flux density 


tesla 


T 


1 T - 1 Wb/m« 


Frequency 


hertz 


Hz 


1 Hz - 1 c/s (s-^) 


Electric conductance 


Siemens 


S 


1 S =- 1 A/V 


Electromotive force 


volt 


V 


1 V = 1 W/A 


Pressure, stress 


pascal 


Pa 


1 Pa == 1 N/m^ 



